We have studied the interaction of six photoreactive conjugates of the immunogenic hen egg-white lysozyme peptides HEL(46-61) or HEL(49-61) with the murine histocompatibility class n molecules I-Ak, I-Ad, I-Ek, and I-Ed. AU compounds tested selectively labeled the a chain of the class n molecules. This was true when testing class H molecules on cell membranes or solubilized in detergents. The COOH-terminal conjugate of HEL(49-61) with (4-azidobenzoyl)cystine preferentially labeled I-Ak. However, addition of hydroxyl or iodine substituents to the photoreactive moiety increased the labeling efficiency and resulted in labeling of the other class II molecules. The data suggest that the photoreactive groups enhanced the binding affinities of these peptides to class II molecules, reflected by the increased labeling efficiencies. Conversely, introduction of an iodine substitution into the tyrosine residue of HEL(46-61) or HEL(49-61) strongly decreased the photoaffinity labeling, possibly due to steric interference with ligand binding to class n molecules. Judicious use of photoaffmity probes that conserve binding specificity of the peptide should be useful for mapping the antigenbinding site of a class II molecule.
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The immune response to protein antigens requires that an accessory cell expressing class II histocompatibility molecules handle the protein and present it to helper T cells (for review, see ref. 1) . This presentation appears to create a distinct antigenic determinant as a result of combining antigen or antigen-derived fragments with class II molecules (2) (3) (4) (5) (6) . Our previous studies (2) with an immunogenic peptide from hen egg-white lysozyme (HEL), HEL(46-61), showed that this peptide combined specifically with detergentpurified I-Ak molecules in a saturable process with an affinity in the ,uM range. In contrast, I-Ad molecules did not bind the peptide. Because mice of H-2k haplotype, but not those of H-2d haplotype, respond immunologically to HEL-(46-61), binding studies imply that affinity of a class II molecule for a peptide is important in explaining antigen immunogenicity. This finding has now been extended to peptides from other proteins (5) (6) (7) . Moreover, competition studies suggest that class II proteins may have a onefunctional antigen-combining site (3, 5, 8) . We now confirm the binding and haplotype specificity of HEL(46-61) or HEL(49-61) to I-Ak using photoreactive derivatives, but we also show that chemical modifications of the photoreactive groups markedly influence their binding. Binding to the a chain of I-Ak was consistently seen.
MATERIALS AND METHODS
Photoreactive conjugates of HEL(46-61) or HEL(49-61) are listed in Fig. 1. [Minimal immunogenic structure is the 10-mer 52-61; in our studies we have tested HEL(46-61), HEL(49-61), or HEL(52-61) with similar results (9) .] A detailed description of their synthesis will be published elsewhere. Compound 1 consisted of (4-azidobenzoyl)cystine coupled via a disulfide bond to HEL(49-61)-Cys. Compound 1 was synthesized in two steps: (i) HEL(49-61)-Cys(SH) was treated with dithionitrobenzoate at pH 8.0 and then was purified by C18 reverse-phase HPLC; (ii) the product was subjected to disulfide exchange at pH 8.0 with (4-azidobenzoyl)cysteine and was then purified by HPLC. The specific activity was =1000 Ci/mmol (1 Ci = 37 GBq). Compounds 2, 3, 5, and 6 are derivatives of compound 1 that have additional iodine and /or hydroxyl substituents (Fig. 1 antibody. The isolated molecules were subjected to NaDodSO4/PAGE using 12.5% gels.
In the second protocol class II proteins were purified from detergent-solubilized TA3 membranes using the same antibodies immobilized on Sepharose as described (2) . Purified class II molecules (0.2-0.5 ,ug) were incubated in 0.25% Triton X-100 in phosphate-buffered saline (5-10 ,ul) with the photoreactive ligands (0.34-1.4 x 10-11 mol) as above.
Abbreviations: IASA, iodo-4-azidosalicylic acid; HEL, hen eggwhite lysozyme; ABA, 4-azidobenzoic acid; S-.K, octapeptide control.
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. Upon photolysis, samples were directly applied to NaDodSO4/PAGE. For 125I-labeled samples the gels were dried and exposed with an amplifying screen to Kodak XAR-5 x-ray film at -80TC. For 35S-labeled samples, gels were treated with EN3HANCE (New England Nuclear) before drying. Mr standards for gel electrophoresis (Pharmacia), as well as purified I-Ak, were radiolabeled with Bolton and Hunter reagent (Amersham). The M, standards were purified by dialysis, and the radiolabeled a and /3 chains of I-Ak were isolated from NaDodSO4/PAGE under nonreducing conditions. ditions; this labeling was progressively inhibited by increasing amounts of unlabeled HEL(49-61). Complete inhibition was found at =800-fold molar excess of HEL(49-61). As a control, we tested the octapeptide (S-IK) as inhibitor (Fig. 2 Right). This peptide (Ser-Val-Phe-Thr-Tyr-Ala-Gly-Lys), which was previously shown not to bind to I-Ak (2), contained all the amino acids of HEL(49-61) that could quench the photoreaction (except that arginine was replaced by lysine). The failure of (S-IK) to inhibit the labeling indicates that the inhibition by unlabeled HEL(49-61) was not due to nonspecific quenching. Previously, the binding of HEL(46-61) was shown to involve a single independent binding event that reached saturation at a 1:1 stoichiometry (2, 3). The finding that an 800-fold molar excess of HEL(49-61) was required to inhibit 90%6 or more of the photoaffinity labeling, therefore, suggests that compound 1 binds I-Ak with a higher affinity than does HEL(49-61). This conclusion is supported by the finding (not shown in Fig. 2 ) that unlabeled compound 1 required a 100-fold excess to completely inhibit labeling of the radioactive compound.
Photoaffinity labeling of I-Ak by compound 1 was studied on TA3 membranes (Fig. 3) . One major labeled band at Mr 33,000-34,000 was seen in NaDodSO4/PAGE under reducing conditions, which was inhibited by an excess of unlabeled HEL(49-61). Upon immunoabsorption of I-Ad a very weak band also at Mr 33,000-34,000 was seen in NaDod-S04/PAGE under reducing conditions. No labeling of I-Ek Fig. 1 ) is shown to label the I-Ak molecule when tested on isolated membranes, or on purified protein in detergent. Labeling of I-Ad or I-E molecules was very weak. Only the a chain of I-Ak was labeled. Purified I-Ak was incubated with compound 1 with or without the indicated molar-fold excesses of HEL(49-61) (Fig. 2 Left) . Upon photolysis, one major labeled band at Mr 33,000-34,000 was seen in NaDodSO4/PAGE under reducing con-I-Ak Proc. Natl. Acad Sci. USA 85 (1988) and I-Ed was seen. Thus, the results from this and the previous experiment indicate that purified I-Ak in detergent or I-Ak integrated in cell membranes were equally labeled by compound 1. That compound 1 labeled I-Ak with high preference agrees with the observations that HEL(46-61) selectively bound I-Ak, but not I-Ad (2) . Note that compound 1 labeled several surface molecules on unfractionated TA3 membranes, particularly molecular species of =-67,000 and 34,000. The pattern was very similar to that of Fig. 4 Left.
Photoaffinity Labeling of Class II Proteins with Compounds 2-6. Chemical modifications of the photoaffinity probe affected its degree of binding to class II molecules, as well as its haplotype-binding specificity. For example, addition of a hydroxyl group to the photoreactive group (Fig. 1 , compound 2) resulted in strong labeling that required a 5000-molar excess of HEL(49-61) to completely inhibit binding (Table 1 ). This hydroxyl group could have increased the binding affinity by forming hydrogen bridges with residues on the I-Ak molecule. An additional iodine (compound 3) dramatically increased the binding, and in this case a 40,000-fold molar excess of HEL(49-61) did not completely inhibit the binding. Compound 3 also labeled I-Ad as well as did I-E molecules. The same result was seen with compound 4, which includes the identical photoreactive group as compound 3 but which is covalently bound to the N terminus of HEL(46-61) (Fig. 4) .
We investigated whether the 3-iodo-4-azidosalicylic acid (IASA) group per se could bind and label I-Ak by testing [1251I]IASA-Gly-Gly-OH, but no labeling was seen. Neither did unlabeled IASA-Gly-Gly-OH inhibit the labeling of I-Ak by compound 4. The labeling of compound 4 was inhibited entirely with an -200-fold excess of unlabeled compound 4, but, in contrast, even a 40,000 excess of untreated HEL-(46-61) inhibited labeling of I-Ak weakly. Clearly, the IASA group nonspecifically enhanced the affinity of HEL(46-61), most likely resulting from strong hydrophobic interactions. Indeed the increased hydrophobicity of compound 1 was surmised by its elution from C18 reverse-phase columns, which required higher acetonitrile concentrations than HEL-(46-61). Another example of nonhaplotype-restricted binding of an antigen is that of insulin conjugated to the N-{4-(4'-azido-3'-[1251]iodophenylazo)-3-aminopropyl} group, which can also be explained by similar contribution to the binding of this strongly hydrophobic group (12) .
Finally, the introduction of an iodine substitution in HEL(49-61) in compounds 5 and 6 decreased their labeling efficiencies ( Table 1 were directly subjected to NaDodSO4/PAGE (7.5-12.5%) under reducing conditions. Alternatively, photolysed TA3 membranes were detergent-solubilized, and the different immunoabsorbed Ia were subjected to NaDodSO4/PAGE (12.5%) under reducing conditions. The labeling of I-Ak is shown at center; labeling is weakly inhibited even with HEL(46-61) excess. Labeling of all class II molecules isolated from TA3 is shown at right.
various nitrene intermediates; another explanation is that the conjugates and the unmodified peptides bind to different sites on I-Ak. Although differently substituted arylnitrenes, or their rearranged arylazirines, have different chemical reactivities and reaction kinetics (13), these differences are unlikely to account for the differences seen in photoaffinity labeling ( Table 1 ). The chemical reactivities of these intermediates are, in any case, exceptionally high (14) , and the kinetics, even of slow photoreactions, occur in time intervals negligibly small in comparison with the class II proteinligand binding event. The other possibility, according to which the native HEL peptides and their photoreactive derivatives do not bind at the same site on I-Ak, is more difficult to evaluate. Further data from binding studies or peptide mapping of the labeled a chains of I-Ak may be required to conclusively evaluate this possibility. That the labeling efficiencies correlated with the amount of inhibitor required for labeling inhibition (Table 1) , however, suggests that binding affinities of the different ligands were different. We thus prefer to conclude that the different substituents bound I-Ak with different affinities, accounting for the observed labeling patterns.
The Chain of I-Ak Labeled with the Photoreactive Probes. Identification of the chain of I-Ak labeled by compound 1 was assessed by comparing its apparent Mr with those of radiolabeled a and ,B chains (Fig. 5) . Under nonreducing conditions a and /3 chains migrated with apparent Mr values of 33,000-34,000 and 28,000-29,000, respectively, in agreement with published Mr data (15) . Under reducing condi- Table 1 . Photoaffinity labeling of I-Ak, I-Ad, and I-Ek and d by compounds [1] [2] [3] [4] [5] [6] Excess of HELHaplotype specificity Labeling (Fig. 5) . The difference in Mr values corresponded with the Mr of compound 4 (2300), which became irreversibly crosslinked.
The observation that compounds 1 and 4 selectively labeled the a chain of I-Ak stands in contrast to recent reports by Buus et al. (6) , according to which HEL(46-61) preferentially labeled the p chain of I-Ak when crosslinked by glutaraldehyde (6) . Two explanations exist for this discrepancy. First, glutaraldehyde at neutral or slightly alkaline conditions will spontaneously undergo multiple aldolcondensations with itself, leading to poorly defined a and/or X unsaturated polyaldehydes (16) . Such structures can form stable Schiff bases with primary amines and are thus likely to crosslink the N-terminal amino group of HEL(46-61) with accessible lysine residues on I-Ak. Because these reactions are slow and of limited chemical reactivity, the crosslinkage will preferentially involve reactive residues on I-Ak. In contrast, the nitrenes generated by photolysis from compounds 1-6 ( Fig. 1) will react within a few milliseconds with potentially any amino acid residue of IAk except glycine (14) . The linkage furthermore involves a short and defined distance given by the crosslinker. Therefore, the photoaffinity probes will be expected to label the chain closest to them. Or possibly the I-Ak molecule may change its conformation and with it its labeling pattern, depending on the detergents and manipulations used for isolating the protein-for example, high pH. We have found decreased labeling efficiency and/or some degree of binding to the i chain with the use of detergents such as cholate and, to a lesser extent, with n-octylglucoside.
Essentially, three major findings can be drawn from this study. First, the results confirm the analysis of Babbitt et al. 
